Abstract-In this paper a novel C-shaped Defected Ground Structure (DGS) on a microstrip line is proposed to provide a frequency rejection property with an improved Q factor at 2.4 GHz. Compared to the other DGS introduced structures in literature, the new structure has a simple and compact shape and its rejection characteristic is steeper at the stop band than the other reported structures. Different parameters of the DGS have been optimized for the best frequency response to reject the centre frequency. The proposed DGS is successfully designed and fabricated and the measured results are in a very good agreement with the simulated results.
I. INTRODUCTION
Recently, using microstrip lines with defected ground structures (DGSs) have offered many applications at microwave frequencies as a filter due to compact size and better frequency characteristics. Also, at the design frequency of operation, one can achieve desirable features using these novel structures. Moreover, For the purpose of integrating with active and passive device, various research results have dealt with DGS [1] . The DGS structures provide a few resonance properties in transfer characteristics such as RLC circuits. Corresponding to the shape and size of defect pattern, parallel or series resonance is introduced which can be used in microwave band reject filters. Using DGS, the effective inductance of the microstrip line could be increased lead to a longer electrical length of transmission line than that of a conventional line, and so compact microwave circuits can be implemented [2] .
Photonic band gap (PBG) structures have a periodic configuration and provide rejection at certain frequencies. Too many design parameters such as number of lattice, lattice spacing, lattice shapes, and relative volume fraction effect on the bandgap properties. Hence, it is difficult to find the PBG structure's equivalent circuit and parameters; and also it is difficult to use a PBG circuit for the design of the microwave or millimeter-wave components [3] . On the other hand, the DGS structures can be modeled by simple resonant circuits and their parameter extraction is simple and they can be useful in the design of microwave and millimeter-wave circuits [4] . However, the modeling procedure for a DGS should be preceded to apply appropriately special characteristics of a DGS to a practical circuit. Finding the equivalent circuit and parameters of a DGS, various efforts are required [5] .
In microwave applications, the band rejection property and the slow-wave effect of the DGS are used in the design of divider, filter, and amplifier circuits [6] [7] [8] [9] [10] [11] . It is necessary to use a high Q-factor filter to suppress an unwanted signal, which is closely located from the desired signal in the spectrum. The dumbbell or spiral shapes have been used as a conventional defect of DGS. But, for narrowband rejection applications, their frequency characteristics are not adequate. The spiral DGS provides steeper rejection property than the dumbbell DGS, but the Q factor of the spiral DGS is usually smaller than 10.
In this paper, a new C-shaped DGS is proposed to provide a high Q-factor at 2.4 GHz as a band reject filter. A parametric study is carried out and the effects of DGS parameters are numerically investigated on the frequency response of the filter using HFSS. The proposed DGS filter provides Q-factor of 57, which is a higher than the Q-factor of the conventional DGSs. The proposed DGS structure is shown in Fig. 1 . The line width is chosen for the microstrip line impedance of 50 Ω. RF-35 PC-board with thickness of 60-mil (1.524 mm) and dielectric constant of 3.5 is used in our study. The dimensions of the C-shaped, as labeled in Fig.  1 
II. SIMULATION RESULTS OF THE PROPOSED DGS
The DGS structure is simulated using HFSS. The numerical results of return loss, S 11 and forward transmission S 12 are shown in Fig. 2 versus frequency for two ranges. bandwidth variation is small. Hence, Q-factor is increased. Fig. 5 shows the simulation results for S 12 versus G. Increasing G from 0.2 mm to 0.5 mm lead to increasing resonance frequency and rejection bandwidth. Also, in case of G variation, Q-factor is not change considerably. All other parameters are set as in other cases to B=1 mm, A=D=0.2 mm, H=3 mm and C=14.2 mm. The simulated forward transmission versus H parameter varies from 2.5 mm to 4 mm with 0.5 mm steps are shown in Fig. 6 . In this case other parameters are set to B=1 mm, A=D=G=0.2 mm and C=14.2 mm. It can be seen that by increasing H, both parameters, rejection bandwidth and the resonance frequency, are decreased, whereas Q-factor is not changed significantly. 
IV. EXPERIMENTAL RESULTS OF DGS FILTER
To verify the obtained numerical results, the C-shaped DGS filter was fabricated using PC-board RF-35. The optimized value of the DGS parameters, as mentioned earlier, are A=D=G=0.2 mm, B=1 mm, H=3 mm, C=14.2 mm, and PC-boars size is set to 30 × 40 mm 2 . The top and bottom views of the fabricated band stop filter are shown in Fig. 7 . Return loss and forward transmission of the designed and implemented filter was measured using HP8510 network analyzer.
In Fig. 8 , measured S 11 and S 12 are presented at two different frequency ranges. It can be seen that proposed filter exhibits a very low insertion loss at the pass-band and also provides a sharp frequency response in transition band. Rejection bandwidth is 43 MHz, so the measured Q-factor is 57.5. The suppression for the resonance frequency, 2.483 GHz, is 24 dB. The measured transfer characteristic of the proposed fabricated C-shaped band-reject filter shows steep band-rejection property providing a very high Q-factor. 
V. CONCLUSION
In this paper, a new novel C-shaped DGS unit with improved Q-factor of the band-rejection characteristics has been introduced. A parametric study of the effects of C-shaped DGS parameter dimensions on the frequency performance of the filter were numerically investigated by HFSS. The best values of DGS dimensions were determined for lower bandwidth at the resonance frequency around 2.45 GHz. The DGS filter was fabricated and tested using a network analyzer. The measured results show a good agreement with simulated ones. It provides a parallel resonance frequency of 2.483 GHz with 24 dB suppression. The measured rejection bandwidth is 43 MHz with a Q-factor of 57.5 and with attenuation of 24 dB at resonant frequency. The proposed filter may have wide applications in the design of microwave systems and antenna arrays, where small size and high Q-factor is needed.
